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(ii) For manufacturing licenses which 
are not subject to paragraph (a) of this 
section but reference a standard design 
certification which is subject to para-
graph (a) of this section, proposed de-
partures from the information required 
by 10 CFR 52.47(a)(28) to be included in 
the final safety analysis report for the 
referenced standard design certifi-
cation are governed by the change con-
trol requirements in the applicable de-
sign certification rule. 

[74 FR 28146, June 12, 2009] 

APPENDIX A TO PART 50—GENERAL DE-
SIGN CRITERIA FOR NUCLEAR POWER 
PLANTS 
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INTRODUCTION 

Under the provisions of § 50.34, an applica-
tion for a construction permit must include 
the principal design criteria for a proposed 
facility. Under the provisions of 10 CFR 52.47, 
52.79, 52.137, and 52.157, an application for a 
design certification, combined license, de-
sign approval, or manufacturing license, re-
spectively, must include the principal design 
criteria for a proposed facility. The principal 
design criteria establish the necessary de-
sign, fabrication, construction, testing, and 
performance requirements for structures, 
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1 Further details relating to the type, size, 
and orientation of postulated breaks in spe-
cific components of the reactor coolant pres-
sure boundary are under development. 

2 Single failures of passive components in 
electric systems should be assumed in de-
signing against a single failure. The condi-
tions under which a single failure of a pas-
sive component in a fluid system should be 
considered in designing the system against a 
single failure are under development. 

systems, and components important to safe-
ty; that is, structures, systems, and compo-
nents that provide reasonable assurance that 
the facility can be operated without undue 
risk to the health and safety of the public. 

These General Design Criteria establish 
minimum requirements for the principal de-
sign criteria for water-cooled nuclear power 
plants similar in design and location to 
plants for which construction permits have 
been issued by the Commission. The General 
Design Criteria are also considered to be gen-
erally applicable to other types of nuclear 
power units and are intended to provide 
guidance in establishing the principal design 
criteria for such other units. 

The development of these General Design 
Criteria is not yet complete. For example, 
some of the definitions need further amplifi-
cation. Also, some of the specific design re-
quirements for structures, systems, and com-
ponents important to safety have not as yet 
been suitably defined. Their omission does 
not relieve any applicant from considering 
these matters in the design of a specific fa-
cility and satisfying the necessary safety re-
quirements. These matters include: 

(1) Consideration of the need to design 
against single failures of passive components 
in fluid systems important to safety. (See 
Definition of Single Failure.) 

(2) Consideration of redundancy and diver-
sity requirements for fluid systems impor-
tant to safety. A ‘‘system’’ could consist of a 
number of subsystems each of which is sepa-
rately capable of performing the specified 
system safety function. The minimum ac-
ceptable redundancy and diversity of sub-
systems and components within a sub-
system, and the required interconnection 
and independence of the subsystems have not 
yet been developed or defined. (See Criteria 
34, 35, 38, 41, and 44.) 

(3) Consideration of the type, size, and ori-
entation of possible breaks in components of 
the reactor coolant pressure boundary in de-
termining design requirements to suitably 
protect against postulated loss-of-coolant 
accidents. (See Definition of Loss of Coolant 
Accidents.) 

(4) Consideration of the possibility of sys-
tematic, nonrandom, concurrent failures of 
redundant elements in the design of protec-
tion systems and reactivity control systems. 
(See Criteria 22, 24, 26, and 29.) 

It is expected that the criteria will be aug-
mented and changed from time to time as 
important new requirements for these and 
other features are developed. 

There will be some water-cooled nuclear 
power plants for which the General Design 
Criteria are not sufficient and for which ad-
ditional criteria must be identified and satis-
fied in the interest of public safety. In par-
ticular, it is expected that additional or dif-
ferent criteria will be needed to take into ac-
count unusual sites and environmental con-

ditions, and for water-cooled nuclear power 
units of advanced design. Also, there may be 
water-cooled nuclear power units for which 
fulfillment of some of the General Design 
Criteria may not be necessary or appro-
priate. For plants such as these, departures 
from the General Design Criteria must be 
identified and justified. 

DEFINITIONS AND EXPLANATIONS 

Nuclear power unit. A nuclear power unit 
means a nuclear power reactor and associ-
ated equipment necessary for electric power 
generation and includes those structures, 
systems, and components required to provide 
reasonable assurance the facility can be op-
erated without undue risk to the health and 
safety of the public. 

Loss of coolant accidents. Loss of coolant ac-
cidents mean those postulated accidents that 
result from the loss of reactor coolant at a 
rate in excess of the capability of the reactor 
coolant makeup system from breaks in the 
reactor coolant pressure boundary, up to and 
including a break equivalent in size to the 
double-ended rupture of the largest pipe of 
the reactor coolant system. 1 

Single failure. A single failure means an oc-
currence which results in the loss of capa-
bility of a component to perform its intended 
safety functions. Multiple failures resulting 
from a single occurrence are considered to be 
a single failure. Fluid and electric systems 
are considered to be designed against an as-
sumed single failure if neither (1) a single 
failure of any active component (assuming 
passive components function properly) nor 
(2) a single failure of a passive component 
(assuming active components function prop-
erly), results in a loss of the capability of the 
system to perform its safety functions. 2 

Anticipated operational occurrences. Antici-
pated operational occurrences mean those 
conditions of normal operation which are ex-
pected to occur one or more times during the 
life of the nuclear power unit and include but 
are not limited to loss of power to all recir-
culation pumps, tripping of the turbine gen-
erator set, isolation of the main condenser, 
and loss of all offsite power. 

VerDate Mar<15>2010 13:43 Mar 06, 2012 Jkt 226030 PO 00000 Frm 00980 Fmt 8010 Sfmt 8002 Y:\SGML\226030.XXX 226030w
re

ie
r-

av
ile

s 
on

 D
S

K
5T

P
T

V
N

1P
R

O
D

 w
ith

 C
F

R



971 

Nuclear Regulatory Commission Pt. 50, App. A 

CRITERIA 

I. Overall Requirements 

Criterion 1—Quality standards and records. 
Structures, systems, and components impor-
tant to safety shall be designed, fabricated, 
erected, and tested to quality standards com-
mensurate with the importance of the safety 
functions to be performed. Where generally 
recognized codes and standards are used, 
they shall be identified and evaluated to de-
termine their applicability, adequacy, and 
sufficiency and shall be supplemented or 
modified as necessary to assure a quality 
product in keeping with the required safety 
function. A quality assurance program shall 
be established and implemented in order to 
provide adequate assurance that these struc-
tures, systems, and components will satisfac-
torily perform their safety functions. Appro-
priate records of the design, fabrication, 
erection, and testing of structures, systems, 
and components important to safety shall be 
maintained by or under the control of the 
nuclear power unit licensee throughout the 
life of the unit. 

Criterion 2—Design bases for protection 
against natural phenomena. Structures, sys-
tems, and components important to safety 
shall be designed to withstand the effects of 
natural phenomena such as earthquakes, tor-
nadoes, hurricanes, floods, tsunami, and 
seiches without loss of capability to perform 
their safety functions. The design bases for 
these structures, systems, and components 
shall reflect: (1) Appropriate consideration of 
the most severe of the natural phenomena 
that have been historically reported for the 
site and surrounding area, with sufficient 
margin for the limited accuracy, quantity, 
and period of time in which the historical 
data have been accumulated, (2) appropriate 
combinations of the effects of normal and ac-
cident conditions with the effects of the nat-
ural phenomena and (3) the importance of 
the safety functions to be performed. 

Criterion 3—Fire protection. Structures, sys-
tems, and components important to safety 
shall be designed and located to minimize, 
consistent with other safety requirements, 
the probability and effect of fires and explo-
sions. Noncombustible and heat resistant 
materials shall be used wherever practical 
throughout the unit, particularly in loca-
tions such as the containment and control 
room. Fire detection and fighting systems of 
appropriate capacity and capability shall be 
provided and designed to minimize the ad-
verse effects of fires on structures, systems, 
and components important to safety. Fire-
fighting systems shall be designed to assure 
that their rupture or inadvertent operation 
does not significantly impair the safety ca-
pability of these structures, systems, and 
components. 

Criterion 4—Environmental and dynamic ef-
fects design bases. Structures, systems, and 

components important to safety shall be de-
signed to accommodate the effects of and to 
be compatible with the environmental condi-
tions associated with normal operation, 
maintenance, testing, and postulated acci-
dents, including loss-of-coolant accidents. 
These structures, systems, and components 
shall be appropriately protected against dy-
namic effects, including the effects of mis-
siles, pipe whipping, and discharging fluids, 
that may result from equipment failures and 
from events and conditions outside the nu-
clear power unit. However, dynamic effects 
associated with postulated pipe ruptures in 
nuclear power units may be excluded from 
the design basis when analyses reviewed and 
approved by the Commission demonstrate 
that the probability of fluid system piping 
rupture is extremely low under conditions 
consistent with the design basis for the pip-
ing. 

Criterion 5—Sharing of structures, systems, 
and components. Structures, systems, and 
components important to safety shall not be 
shared among nuclear power units unless it 
can be shown that such sharing will not sig-
nificantly impair their ability to perform 
their safety functions, including, in the 
event of an accident in one unit, an orderly 
shutdown and cooldown of the remaining 
units. 

II. Protection by Multiple Fission Product 
Barriers 

Criterion 10—Reactor design. The reactor 
core and associated coolant, control, and 
protection systems shall be designed with 
appropriate margin to assure that specified 
acceptable fuel design limits are not exceed-
ed during any condition of normal operation, 
including the effects of anticipated oper-
ational occurrences. 

Criterion 11—Reactor inherent protection. 
The reactor core and associated coolant sys-
tems shall be designed so that in the power 
operating range the net effect of the prompt 
inherent nuclear feedback characteristics 
tends to compensate for a rapid increase in 
reactivity. 

Criterion 12—Suppression of reactor power os-
cillations. The reactor core and associated 
coolant, control, and protection systems 
shall be designed to assure that power oscil-
lations which can result in conditions ex-
ceeding specified acceptable fuel design lim-
its are not possible or can be reliably and 
readily detected and suppressed. 

Criterion 13—Instrumentation and control. In-
strumentation shall be provided to monitor 
variables and systems over their anticipated 
ranges for normal operation, for anticipated 
operational occurrences, and for accident 
conditions as appropriate to assure adequate 
safety, including those variables and systems 
that can affect the fission process, the integ-
rity of the reactor core, the reactor coolant 
pressure boundary, and the containment and 
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its associated systems. Appropriate controls 
shall be provided to maintain these variables 
and systems within prescribed operating 
ranges. 

Criterion 14—Reactor coolant pressure bound-
ary. The reactor coolant pressure boundary 
shall be designed, fabricated, erected, and 
tested so as to have an extremely low prob-
ability of abnormal leakage, of rapidly prop-
agating failure, and of gross rupture. 

Criterion 15—Reactor coolant system design. 
The reactor coolant system and associated 
auxiliary, control, and protection systems 
shall be designed with sufficient margin to 
assure that the design conditions of the reac-
tor coolant pressure boundary are not ex-
ceeded during any condition of normal oper-
ation, including anticipated operational oc-
currences. 

Criterion 16—Containment design. Reactor 
containment and associated systems shall be 
provided to establish an essentially leak- 
tight barrier against the uncontrolled re-
lease of radioactivity to the environment 
and to assure that the containment design 
conditions important to safety are not ex-
ceeded for as long as postulated accident 
conditions require. 

Criterion 17—Electric power systems. An on-
site electric power system and an offsite 
electric power system shall be provided to 
permit functioning of structures, systems, 
and components important to safety. The 
safety function for each system (assuming 
the other system is not functioning) shall be 
to provide sufficient capacity and capability 
to assure that (1) specified acceptable fuel 
design limits and design conditions of the re-
actor coolant pressure boundary are not ex-
ceeded as a result of anticipated operational 
occurrences and (2) the core is cooled and 
containment integrity and other vital func-
tions are maintained in the event of postu-
lated accidents. 

The onsite electric power supplies, includ-
ing the batteries, and the onsite electric dis-
tribution system, shall have sufficient inde-
pendence, redundancy, and testability to per-
form their safety functions assuming a sin-
gle failure. 

Electric power from the transmission net-
work to the onsite electric distribution sys-
tem shall be supplied by two physically inde-
pendent circuits (not necessarily on separate 
rights of way) designed and located so as to 
minimize to the extent practical the likeli-
hood of their simultaneous failure under op-
erating and postulated accident and environ-
mental conditions. A switchyard common to 
both circuits is acceptable. Each of these cir-
cuits shall be designed to be available in suf-
ficient time following a loss of all onsite al-
ternating current power supplies and the 
other offsite electric power circuit, to assure 
that specified acceptable fuel design limits 
and design conditions of the reactor coolant 
pressure boundary are not exceeded. One of 

these circuits shall be designed to be avail-
able within a few seconds following a loss-of- 
coolant accident to assure that core cooling, 
containment integrity, and other vital safe-
ty functions are maintained. 

Provisions shall be included to minimize 
the probability of losing electric power from 
any of the remaining supplies as a result of, 
or coincident with, the loss of power gen-
erated by the nuclear power unit, the loss of 
power from the transmission network, or the 
loss of power from the onsite electric power 
supplies. 

Criterion 18—Inspection and testing of electric 
power systems. Electric power systems impor-
tant to safety shall be designed to permit ap-
propriate periodic inspection and testing of 
important areas and features, such as wiring, 
insulation, connections, and switchboards, to 
assess the continuity of the systems and the 
condition of their components. The systems 
shall be designed with a capability to test 
periodically (1) the operability and func-
tional performance of the components of the 
systems, such as onsite power sources, re-
lays, switches, and buses, and (2) the oper-
ability of the systems as a whole and, under 
conditions as close to design as practical, the 
full operation sequence that brings the sys-
tems into operation, including operation of 
applicable portions of the protection system, 
and the transfer of power among the nuclear 
power unit, the offsite power system, and the 
onsite power system. 

Criterion 19—Control room. A control room 
shall be provided from which actions can be 
taken to operate the nuclear power unit safe-
ly under normal conditions and to maintain 
it in a safe condition under accident condi-
tions, including loss-of-coolant accidents. 
Adequate radiation protection shall be pro-
vided to permit access and occupancy of the 
control room under accident conditions 
without personnel receiving radiation expo-
sures in excess of 5 rem whole body, or its 
equivalent to any part of the body, for the 
duration of the accident. Equipment at ap-
propriate locations outside the control room 
shall be provided (1) with a design capability 
for prompt hot shutdown of the reactor, in-
cluding necessary instrumentation and con-
trols to maintain the unit in a safe condition 
during hot shutdown, and (2) with a potential 
capability for subsequent cold shutdown of 
the reactor through the use of suitable pro-
cedures. 

Applicants for and holders of construction 
permits and operating licenses under this 
part who apply on or after January 10, 1997, 
applicants for design approvals or certifi-
cations under part 52 of this chapter who 
apply on or after January 10, 1997, applicants 
for and holders of combined licenses or man-
ufacturing licenses under part 52 of this 
chapter who do not reference a standard de-
sign approval or certification, or holders of 
operating licenses using an alternative 
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source term under § 50.67, shall meet the re-
quirements of this criterion, except that 
with regard to control room access and occu-
pancy, adequate radiation protection shall 
be provided to ensure that radiation expo-
sures shall not exceed 0.05 Sv (5 rem) total 
effective dose equivalent (TEDE) as defined 
in § 50.2 for the duration of the accident. 

III. Protection and Reactivity Control Systems 

Criterion 20—Protection system functions. 
The protection system shall be designed (1) 
to initiate automatically the operation of 
appropriate systems including the reactivity 
control systems, to assure that specified ac-
ceptable fuel design limits are not exceeded 
as a result of anticipated operational occur-
rences and (2) to sense accident conditions 
and to initiate the operation of systems and 
components important to safety. 

Criterion 21—Protection system reliability and 
testability. The protection system shall be de-
signed for high functional reliability and in-
service testability commensurate with the 
safety functions to be performed. Redun-
dancy and independence designed into the 
protection system shall be sufficient to as-
sure that (1) no single failure results in loss 
of the protection function and (2) removal 
from service of any component or channel 
does not result in loss of the required min-
imum redundancy unless the acceptable reli-
ability of operation of the protection system 
can be otherwise demonstrated. The protec-
tion system shall be designed to permit peri-
odic testing of its functioning when the reac-
tor is in operation, including a capability to 
test channels independently to determine 
failures and losses of redundancy that may 
have occurred. 

Criterion 22—Protection system independence. 
The protection system shall be designed to 
assure that the effects of natural phe-
nomena, and of normal operating, mainte-
nance, testing, and postulated accident con-
ditions on redundant channels do not result 
in loss of the protection function, or shall be 
demonstrated to be acceptable on some other 
defined basis. Design techniques, such as 
functional diversity or diversity in compo-
nent design and principles of operation, shall 
be used to the extent practical to prevent 
loss of the protection function. 

Criterion 23—Protection system failure modes. 
The protection system shall be designed to 
fail into a safe state or into a state dem-
onstrated to be acceptable on some other de-
fined basis if conditions such as disconnec-
tion of the system, loss of energy (e.g., elec-
tric power, instrument air), or postulated ad-
verse environments (e.g., extreme heat or 
cold, fire, pressure, steam, water, and radi-
ation) are experienced. 

Criterion 24—Separation of protection and 
control systems. The protection system shall 
be separated from control systems to the ex-
tent that failure of any single control sys-

tem component or channel, or failure or re-
moval from service of any single protection 
system component or channel which is com-
mon to the control and protection systems 
leaves intact a system satisfying all reli-
ability, redundancy, and independence re-
quirements of the protection system. Inter-
connection of the protection and control sys-
tems shall be limited so as to assure that 
safety is not significantly impaired. 

Criterion 25—Protection system requirements 
for reactivity control malfunctions. The protec-
tion system shall be designed to assure that 
specified acceptable fuel design limits are 
not exceeded for any single malfunction of 
the reactivity control systems, such as acci-
dental withdrawal (not ejection or dropout) 
of control rods. 

Criterion 26—Reactivity control system redun-
dancy and capability. Two independent reac-
tivity control systems of different design 
principles shall be provided. One of the sys-
tems shall use control rods, preferably in-
cluding a positive means for inserting the 
rods, and shall be capable of reliably control-
ling reactivity changes to assure that under 
conditions of normal operation, including 
anticipated operational occurrences, and 
with appropriate margin for malfunctions 
such as stuck rods, specified acceptable fuel 
design limits are not exceeded. The second 
reactivity control system shall be capable of 
reliably controlling the rate of reactivity 
changes resulting from planned, normal 
power changes (including xenon burnout) to 
assure acceptable fuel design limits are not 
exceeded. One of the systems shall be capa-
ble of holding the reactor core subcritical 
under cold conditions. 

Criterion 27—Combined reactivity control sys-
tems capability. The reactivity control sys-
tems shall be designed to have a combined 
capability, in conjunction with poison addi-
tion by the emergency core cooling system, 
of reliably controlling reactivity changes to 
assure that under postulated accident condi-
tions and with appropriate margin for stuck 
rods the capability to cool the core is main-
tained. 

Criterion 28—Reactivity limits. The reac-
tivity control systems shall be designed with 
appropriate limits on the potential amount 
and rate of reactivity increase to assure that 
the effects of postulated reactivity accidents 
can neither (1) result in damage to the reac-
tor coolant pressure boundary greater than 
limited local yielding nor (2) sufficiently dis-
turb the core, its support structures or other 
reactor pressure vessel internals to impair 
significantly the capability to cool the core. 
These postulated reactivity accidents shall 
include consideration of rod ejection (unless 
prevented by positive means), rod dropout, 
steam line rupture, changes in reactor cool-
ant temperature and pressure, and cold 
water addition. 
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Criterion 29—Protection against anticipated 
operational occurrences. The protection and 
reactivity control systems shall be designed 
to assure an extremely high probability of 
accomplishing their safety functions in the 
event of anticipated operational occurrences. 

IV. Fluid Systems 

Criterion 30—Quality of reactor coolant pres-
sure boundary. Components which are part of 
the reactor coolant pressure boundary shall 
be designed, fabricated, erected, and tested 
to the highest quality standards practical. 
Means shall be provided for detecting and, to 
the extent practical, identifying the location 
of the source of reactor coolant leakage. 

Criterion 31—Fracture prevention of reactor 
coolant pressure boundary. The reactor cool-
ant pressure boundary shall be designed with 
sufficient margin to assure that when 
stressed under operating, maintenance, test-
ing, and postulated accident conditions (1) 
the boundary behaves in a nonbrittle manner 
and (2) the probability of rapidly propagating 
fracture is minimized. The design shall re-
flect consideration of service temperatures 
and other conditions of the boundary mate-
rial under operating, maintenance, testing, 
and postulated accident conditions and the 
uncertainties in determining (1) material 
properties, (2) the effects of irradiation on 
material properties, (3) residual, steady state 
and transient stresses, and (4) size of flaws. 

Criterion 32—Inspection of reactor coolant 
pressure boundary. Components which are 
part of the reactor coolant pressure bound-
ary shall be designed to permit (1) periodic 
inspection and testing of important areas 
and features to assess their structural and 
leaktight integrity, and (2) an appropriate 
material surveillance program for the reac-
tor pressure vessel. 

Criterion 33—Reactor coolant makeup. A sys-
tem to supply reactor coolant makeup for 
protection against small breaks in the reac-
tor coolant pressure boundary shall be pro-
vided. The system safety function shall be to 
assure that specified acceptable fuel design 
limits are not exceeded as a result of reactor 
coolant loss due to leakage from the reactor 
coolant pressure boundary and rupture of 
small piping or other small components 
which are part of the boundary. The system 
shall be designed to assure that for onsite 
electric power system operation (assuming 
offsite power is not available) and for offsite 
electric power system operation (assuming 
onsite power is not available) the system 
safety function can be accomplished using 
the piping, pumps, and valves used to main-
tain coolant inventory during normal reac-
tor operation. 

Criterion 34—Residual heat removal. A sys-
tem to remove residual heat shall be pro-
vided. The system safety function shall be to 
transfer fission product decay heat and other 
residual heat from the reactor core at a rate 

such that specified acceptable fuel design 
limits and the design conditions of the reac-
tor coolant pressure boundary are not ex-
ceeded. 

Suitable redundancy in components and 
features, and suitable interconnections, leak 
detection, and isolation capabilities shall be 
provided to assure that for onsite electric 
power system operation (assuming offsite 
power is not available) and for offsite elec-
tric power system operation (assuming on-
site power is not available) the system safety 
function can be accomplished, assuming a 
single failure. 

Criterion 35—Emergency core cooling. A sys-
tem to provide abundant emergency core 
cooling shall be provided. The system safety 
function shall be to transfer heat from the 
reactor core following any loss of reactor 
coolant at a rate such that (1) fuel and clad 
damage that could interfere with continued 
effective core cooling is prevented and (2) 
clad metal-water reaction is limited to neg-
ligible amounts. 

Suitable redundancy in components and 
features, and suitable interconnections, leak 
detection, isolation, and containment capa-
bilities shall be provided to assure that for 
onsite electric power system operation (as-
suming offsite power is not available) and for 
offsite electric power system operation (as-
suming onsite power is not available) the 
system safety function can be accomplished, 
assuming a single failure. 

Criterion 36—Inspection of emergency core 
cooling system. The emergency core cooling 
system shall be designed to permit appro-
priate periodic inspection of important com-
ponents, such as spray rings in the reactor 
pressure vessel, water injection nozzles, and 
piping, to assure the integrity and capability 
of the system. 

Criterion 37—Testing of emergency core cool-
ing system. The emergency core cooling sys-
tem shall be designed to permit appropriate 
periodic pressure and functional testing to 
assure (1) the structural and leaktight integ-
rity of its components, (2) the operability 
and performance of the active components of 
the system, and (3) the operability of the 
system as a whole and, under conditions as 
close to design as practical, the performance 
of the full operational sequence that brings 
the system into operation, including oper-
ation of applicable portions of the protection 
system, the transfer between normal and 
emergency power sources, and the operation 
of the associated cooling water system. 

Criterion 38—Containment heat removal. A 
system to remove heat from the reactor con-
tainment shall be provided. The system safe-
ty function shall be to reduce rapidly, con-
sistent with the functioning of other associ-
ated systems, the containment pressure and 
temperature following any loss-of-coolant 
accident and maintain them at acceptably 
low levels. 
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Suitable redundancy in components and 
features, and suitable interconnections, leak 
detection, isolation, and containment capa-
bilities shall be provided to assure that for 
onsite electric power system operation (as-
suming offsite power is not available) and for 
offsite electric power system operation (as-
suming onsite power is not available) the 
system safety function can be accomplished, 
assuming a single failure. 

Criterion 39—Inspection of containment heat 
removal system. The containment heat re-
moval system shall be designed to permit ap-
propriate periodic inspection of important 
components, such as the torus, sumps, spray 
nozzles, and piping to assure the integrity 
and capability of the system. 

Criterion 40—Testing of containment heat re-
moval system. The containment heat removal 
system shall be designed to permit appro-
priate periodic pressure and functional test-
ing to assure (1) the structural and leaktight 
integrity of its components, (2) the oper-
ability and performance of the active compo-
nents of the system, and (3) the operability 
of the system as a whole, and under condi-
tions as close to the design as practical the 
performance of the full operational sequence 
that brings the system into operation, in-
cluding operation of applicable portions of 
the protection system, the transfer between 
normal and emergency power sources, and 
the operation of the associated cooling water 
system. 

Criterion 41—Containment atmosphere clean-
up. Systems to control fission products, hy-
drogen, oxygen, and other substances which 
may be released into the reactor contain-
ment shall be provided as necessary to re-
duce, consistent with the functioning of 
other associated systems, the concentration 
and quality of fission products released to 
the environment following postulated acci-
dents, and to control the concentration of 
hydrogen or oxygen and other substances in 
the containment atmosphere following pos-
tulated accidents to assure that containment 
integrity is maintained. 

Each system shall have suitable redun-
dancy in components and features, and suit-
able interconnections, leak detection, isola-
tion, and containment capabilities to assure 
that for onsite electric power system oper-
ation (assuming offsite power is not avail-
able) and for offsite electric power system 
operation (assuming onsite power is not 
available) its safety function can be accom-
plished, assuming a single failure. 

Criterion 42—Inspection of containment at-
mosphere cleanup systems. The containment 
atmosphere cleanup systems shall be de-
signed to permit appropriate periodic inspec-
tion of important components, such as filter 
frames, ducts, and piping to assure the integ-
rity and capability of the systems. 

Criterion 43—Testing of containment atmos-
phere cleanup systems. The containment at-

mosphere cleanup systems shall be designed 
to permit appropriate periodic pressure and 
functional testing to assure (1) the struc-
tural and leaktight integrity of its compo-
nents, (2) the operability and performance of 
the active components of the systems such 
as fans, filters, dampers, pumps, and valves 
and (3) the operability of the systems as a 
whole and, under conditions as close to de-
sign as practical, the performance of the full 
operational sequence that brings the systems 
into operation, including operation of appli-
cable portions of the protection system, the 
transfer between normal and emergency 
power sources, and the operation of associ-
ated systems. 

Criterion 44—Cooling water. A system to 
transfer heat from structures, systems, and 
components important to safety, to an ulti-
mate heat sink shall be provided. The system 
safety function shall be to transfer the com-
bined heat load of these structures, systems, 
and components under normal operating and 
accident conditions. 

Suitable redundancy in components and 
features, and suitable interconnections, leak 
detection, and isolation capabilities shall be 
provided to assure that for onsite electric 
power system operation (assuming offsite 
power is not available) and for offsite elec-
tric power system operation (assuming on-
site power is not available) the system safety 
function can be accomplished, assuming a 
single failure. 

Criterion 45—Inspection of cooling water sys-
tem. The cooling water system shall be de-
signed to permit appropriate periodic inspec-
tion of important components, such as heat 
exchangers and piping, to assure the integ-
rity and capability of the system. 

Criterion 46—Testing of cooling water system. 
The cooling water system shall be designed 
to permit appropriate periodic pressure and 
functional testing to assure (1) the struc-
tural and leaktight integrity of its compo-
nents, (2) the operability and the perform-
ance of the active components of the system, 
and (3) the operability of the system as a 
whole and, under conditions as close to de-
sign as practical, the performance of the full 
operational sequence that brings the system 
into operation for reactor shutdown and for 
loss-of-coolant accidents, including oper-
ation of applicable portions of the protection 
system and the transfer between normal and 
emergency power sources. 

V. Reactor Containment 

Criterion 50—Containment design basis. The 
reactor containment structure, including ac-
cess openings, penetrations, and the contain-
ment heat removal system shall be designed 
so that the containment structure and its in-
ternal compartments can accommodate, 
without exceeding the design leakage rate 
and with sufficient margin, the calculated 
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pressure and temperature conditions result-
ing from any loss-of-coolant accident. This 
margin shall reflect consideration of (1) the 
effects of potential energy sources which 
have not been included in the determination 
of the peak conditions, such as energy in 
steam generators and as required by § 50.44 
energy from metal-water and other chemical 
reactions that may result from degradation 
but not total failure of emergency core cool-
ing functioning, (2) the limited experience 
and experimental data available for defining 
accident phenomena and containment re-
sponses, and (3) the conservatism of the 
calculational model and input parameters. 

Criterion 51—Fracture prevention of contain-
ment pressure boundary. The reactor contain-
ment boundary shall be designed with suffi-
cient margin to assure that under operating, 
maintenance, testing, and postulated acci-
dent conditions (1) its ferritic materials be-
have in a nonbrittle manner and (2) the prob-
ability of rapidly propagating fracture is 
minimized. The design shall reflect consider-
ation of service temperatures and other con-
ditions of the containment boundary mate-
rial during operation, maintenance, testing, 
and postulated accident conditions, and the 
uncertainties in determining (1) material 
properties, (2) residual, steady state, and 
transient stresses, and (3) size of flaws. 

Criterion 52—Capability for containment leak-
age rate testing. The reactor containment and 
other equipment which may be subjected to 
containment test conditions shall be de-
signed so that periodic integrated leakage 
rate testing can be conducted at contain-
ment design pressure. 

Criterion 53—Provisions for containment test-
ing and inspection. The reactor containment 
shall be designed to permit (1) appropriate 
periodic inspection of all important areas, 
such as penetrations, (2) an appropriate sur-
veillance program, and (3) periodic testing at 
containment design pressure of the 
leaktightness of penetrations which have re-
silient seals and expansion bellows. 

Criterion 54—Piping systems penetrating con-
tainment. Piping systems penetrating pri-
mary reactor containment shall be provided 
with leak detection, isolation, and contain-
ment capabilities having redundancy, reli-
ability, and performance capabilities which 
reflect the importance to safety of isolating 
these piping systems. Such piping systems 
shall be designed with a capability to test 
periodically the operability of the isolation 
valves and associated apparatus and to de-
termine if valve leakage is within acceptable 
limits. 

Criterion 55—Reactor coolant pressure bound-
ary penetrating containment. Each line that is 
part of the reactor coolant pressure bound-
ary and that penetrates primary reactor con-
tainment shall be provided with containment 
isolation valves as follows, unless it can be 
demonstrated that the containment isola-

tion provisions for a specific class of lines, 
such as instrument lines, are acceptable on 
some other defined basis: 

(1) One locked closed isolation valve inside 
and one locked closed isolation valve outside 
containment; or 

(2) One automatic isolation valve inside 
and one locked closed isolation valve outside 
containment; or 

(3) One locked closed isolation valve inside 
and one automatic isolation valve outside 
containment. A simple check valve may not 
be used as the automatic isolation valve out-
side containment; or 

(4) One automatic isolation valve inside 
and one automatic isolation valve outside 
containment. A simple check valve may not 
be used as the automatic isolation valve out-
side containment. 
Isolation valves outside containment shall 
be located as close to containment as prac-
tical and upon loss of actuating power, auto-
matic isolation valves shall be designed to 
take the position that provides greater safe-
ty. 

Other appropriate requirements to mini-
mize the probability or consequences of an 
accidental rupture of these lines or of lines 
connected to them shall be provided as nec-
essary to assure adequate safety. Determina-
tion of the appropriateness of these require-
ments, such as higher quality in design, fab-
rication, and testing, additional provisions 
for inservice inspection, protection against 
more severe natural phenomena, and addi-
tional isolation valves and containment, 
shall include consideration of the population 
density, use characteristics, and physical 
characteristics of the site environs. 

Criterion 56—Primary containment isolation. 
Each line that connects directly to the con-
tainment atmosphere and penetrates pri-
mary reactor containment shall be provided 
with containment isolation valves as follows, 
unless it can be demonstrated that the con-
tainment isolation provisions for a specific 
class of lines, such as instrument lines, are 
acceptable on some other defined basis: 

(1) One locked closed isolation valve inside 
and one locked closed isolation valve outside 
containment; or 

(2) One automatic isolation valve inside 
and one locked closed isolation valve outside 
containment; or 

(3) One locked closed isolation valve inside 
and one automatic isolation valve outside 
containment. A simple check valve may not 
be used as the automatic isolation valve out-
side containment; or 

(4) One automatic isolation valve inside 
and one automatic isolation valve outside 
containment. A simple check valve may not 
be used as the automatic isolation valve out-
side containment. 

Isolation valves outside containment shall 
be located as close to the containment as 
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practical and upon loss of actuating power, 
automatic isolation valves shall be designed 
to take the position that provides greater 
safety. 

Criterion 57—Closed system isolation valves. 
Each line that penetrates primary reactor 
containment and is neither part of the reac-
tor coolant pressure boundary nor connected 
directly to the containment atmosphere 
shall have at least one containment isolation 
valve which shall be either automatic, or 
locked closed, or capable of remote manual 
operation. This valve shall be outside con-
tainment and located as close to the contain-
ment as practical. A simple check valve may 
not be used as the automatic isolation valve. 

VI. Fuel and Radioactivity Control 

Criterion 60—Control of releases of radioactive 
materials to the environment. The nuclear 
power unit design shall include means to 
control suitably the release of radioactive 
materials in gaseous and liquid effluents and 
to handle radioactive solid wastes produced 
during normal reactor operation, including 
anticipated operational occurrences. Suffi-
cient holdup capacity shall be provided for 
retention of gaseous and liquid effluents con-
taining radioactive materials, particularly 
where unfavorable site environmental condi-
tions can be expected to impose unusual 
operational limitations upon the release of 
such effluents to the environment. 

Criterion 61—Fuel storage and handling and 
radioactivity control. The fuel storage and 
handling, radioactive waste, and other sys-
tems which may contain radioactivity shall 
be designed to assure adequate safety under 
normal and postulated accident conditions. 
These systems shall be designed (1) with a 
capability to permit appropriate periodic in-
spection and testing of components impor-
tant to safety, (2) with suitable shielding for 
radiation protection, (3) with appropriate 
containment, confinement, and filtering sys-
tems, (4) with a residual heat removal capa-
bility having reliability and testability that 
reflects the importance to safety of decay 
heat and other residual heat removal, and (5) 
to prevent significant reduction in fuel stor-
age coolant inventory under accident condi-
tions. 

Criterion 62—Prevention of criticality in fuel 
storage and handling. Criticality in the fuel 
storage and handling system shall be pre-
vented by physical systems or processes, 
preferably by use of geometrically safe con-
figurations. 

Criterion 63—Monitoring fuel and waste stor-
age. Appropriate systems shall be provided in 
fuel storage and radioactive waste systems 
and associated handling areas (1) to detect 
conditions that may result in loss of residual 
heat removal capability and excessive radi-
ation levels and (2) to initiate appropriate 
safety actions. 

Criterion 64—Monitoring radioactivity re-
leases. Means shall be provided for moni-
toring the reactor containment atmosphere, 
spaces containing components for recircula-
tion of loss-of-coolant accident fluids, efflu-
ent discharge paths, and the plant environs 
for radioactivity that may be released from 
normal operations, including anticipated 
operational occurrences, and from postu-
lated accidents. 

[36 FR 3256, Feb. 20, 1971, as amended at 36 
FR 12733, July 7, 1971; 41 FR 6258, Feb. 12, 
1976; 43 FR 50163, Oct. 27, 1978; 51 FR 12505, 
Apr. 11, 1986; 52 FR 41294, Oct. 27, 1987; 64 FR 
72002, Dec. 23, 1999; 72 FR 49505, Aug. 28, 2007] 

APPENDIX B TO PART 50—QUALITY AS-
SURANCE CRITERIA FOR NUCLEAR 
POWER PLANTS AND FUEL REPROC-
ESSING PLANTS 

Introduction. Every applicant for a con-
struction permit is required by the provi-
sions of § 50.34 to include in its preliminary 
safety analysis report a description of the 
quality assurance program to be applied to 
the design, fabrication, construction, and 
testing of the structures, systems, and com-
ponents of the facility. Every applicant for 
an operating license is required to include, in 
its final safety analysis report, information 
pertaining to the managerial and adminis-
trative controls to be used to assure safe op-
eration. Every applicant for a combined li-
cense under part 52 of this chapter is re-
quired by the provisions of § 52.79 of this 
chapter to include in its final safety analysis 
report a description of the quality assurance 
applied to the design, and to be applied to 
the fabrication, construction, and testing of 
the structures, systems, and components of 
the facility and to the managerial and ad-
ministrative controls to be used to assure 
safe operation. For applications submitted 
after September 27, 2007, every applicant for 
an early site permit under part 52 of this 
chapter is required by the provisions of 
§ 52.17 of this chapter to include in its site 
safety analysis report a description of the 
quality assurance program applied to site ac-
tivities related to the design, fabrication, 
construction, and testing of the structures, 
systems, and components of a facility or fa-
cilities that may be constructed on the site. 
Every applicant for a design approval or de-
sign certification under part 52 of this chap-
ter is required by the provisions of 10 CFR 
52.137 and 52.47, respectively, to include in its 
final safety analysis report a description of 
the quality assurance program applied to the 
design of the structures, systems, and com-
ponents of the facility. Every applicant for a 
manufacturing license under part 52 of this 
chapter is required by the provisions of 10 
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